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Helminths of Bushy-tailed Wood Rats, Neotoma cinerea subspp. 
from Colorado, Idaho, and Wyomingl 
GENE E. :vlILLER AND GERALD D. SCHMIDT 
Department of Biology. University of Northern Colorado, Greeley, Colorado 80639 
ABSTRACT: Forty-four Neotoma cinerea rupicola. one N. C. orolestes. and three N. cinerea subspp. 
were examined for endoparasites. Aspiculuris ackerti Kruidenier and Mehra, 1959. is redescribed and 
a key to the species of the genus Aspiculuris Schultz, 1924. is provided. Nematodirus neotoma Hall, 
1916. is reJcscribed and N. tortuosus Tucker, 1942, is placed in synonymy with it. Cysticercoids of 
Paruterinll {<llldelabraria (Goeze, 1782) Fuhrmann, 1906, and immature Monoecocestus sp. constitute 
new host records. 
During 1974-1977 44 bushy-tailed woodrats, Neotoma cinerea, were collected 
from northern Weld County, Colorado and southeastern Laramie County, Wy-
oming. Thirty-seven contained one or more species of helminths (Table 1). A 
single N. c. orolestes was collected near Red Feather Lakes, Larimer County, 
Colorado. and three N. cinerea were collected by Floyd M. Seesee at Saint Baldy 
Mountain. Bonewah County, Idaho. The helminths were fixed and studied by 
conventional techniques. Ectoparasites were not collected. All measurements are 
in micrometers unless otherwise stated. 
Aspiculuris ackerti Kruidenier et Mehra, 1959 
We compared our specimens and the type specimens (USNM Helm. CoIl. 
56163) with the original description by Kruidenier and Mehra (1959). Discrep-
ancies in the original description indicate a need for the following redescription 
of the species, based on 55 males and 54 females from northern Weld County, 
Colorado and southeastern Laramie County, Wyoming, U.S.A. 
Body small, cylindrical, males shorter than females. Gubernaculum and spic-
ules absent. Cuticle transversely striated, cephalic vesicle present. Three undi-
vided lips, one pair of lateral epaulettes with amphids, six labial papillae, and 
four large submedian cephalic papillae (Fig. 2). Anterior esophagus clubshaped, 
followed by well-developed bulb. Cervical alae narrow smoothly, continued pos-
teriad as narrow lateral alae (Fig. 3). 
MALE: Length 3.01-6.35 (5.03) mm, greatest width 137-293 (236) at middle of 
body. Anterior esophagus 260--480 (343) long and 33-60 (51) wide. The bulb mea-
sures 113-183 (157) long by 65-120 (90) wide. Total length of esophagus 373-590 
(501). Distance from anterior end to nerve ring is 150-213 (186). Cuticular vesicle 
83-138 (111) long by 98-130 (111) wide. Excretory pore posterior to junction of 
esophageal bulb and intestine, 0.69-1.21 (0.96) mm from anterior end. Distance 
from anterior end to beginning of cervical alae is 33-55 (45); the cervical alae are 
43-60 (5 I) thick and 499-636 (581) long, narrowing smoothly and continuing pos-
teriad. Length of the combined cervical and lateral alae is 1.18-1.96 (1.72) mm. 
Caudal alae do not reach tip of tail. The tail spike is 49-117 (92) long. Length of 
caudal alae is 489-772 (620). The anus is 205-401 (315) from tip of tail. There are 
1 Published with the support of the Brayton H. Ransom Memorial Trust Fund. 
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Table 1. Helminths found in Neotoma cinerea. 
Cestoda 
Anoplocephalidae 
Parasite 
Paranoplocephala neotomae (Voge, 1946) Rausch, 1976 (small intestine) 
(*75512) 
Monoecocestus sp. (small intestine) (75511) 
Davaineidae 
Raillietina sp. (small intestine) (75510) 
Dilepididae 
Paruterina candelabra ria (Goeze, 1782) Fuhrmann, 1906 (liver, mesenteric 
No. infect:;----
hosts -
6 
2 
lymph nodes) (75508, 75509) 3 
Taeniidae 
Echinococcus multilocularis Leuckart, 1863 (liver) 
Nematoda 
Oxyuridae 
Aspicu/uris ackerti Kruidenier and Mehra, 1959 (cecum) (75506) 
Trichostrongylidae 
Nematodirus neotoma Hall, 1916 (small intestine) (75507) 
* Voucher specimens deposited in USNM Helm. Coil. 
22 
35 
ten anal papillae as follows (Fig. 5): one pair praeanal, one pair adanal, a single 
median postanal closely associated with anus, one posterior pair followed by 
second single median and one more posterior pair. Distance from the anus to 
most posterior single median papilla is 43-75 (61); distance from single posterior 
median papilla to most posterior pair is 38-73 (58); distance from the posterior 
pair to tip of the tail spike is 175-250 (210). 
MALE HOLOTYPE: 4.46 mm long with greatest width being 196. Length of an-
terior esophagus is 263, its width is 43. Bulb length 145, width 70. Total esophagus 
length is 408. From anterior end to nerve ring is 170. The cuticular head vesicle 
is 105 long and 100 wide. Distance from anterior end to beginning of cervical alae 
is 40. All caudal papillae were not clearly seen. Distance between most posterior 
single median and posterior pair is 58. The tail spike is 78 long. 
FEMALE: 5.46-8.97 (7.41) mm long with greatest width at vulva 225-391 (330). 
Anterior esophagus length is 305-465 (387), width is 45-80 (61). The bulb is 
150-225 (177) long, 80-150 (107) wide. Total esophagus length is 476-655 (565). 
From anterior end to nerve ring is 162-238 (202). The cuticular vesicle is 100-178 
(132) long by 95-148 (126) wide. Location of excretory pore similar to that of the 
male, 0.82-1.67 (1.10) mm from anterior end; it is well defined by a cuticular 
marking 200-288 (238) long (Fig. 3). Distance from anterior end to beginning of 
cervical alae is 30-63 (48). Thickness of cervical alae is 35-50 (38), while their 
length is 538-743 (656). Combined length of cervical and lateral alae is 0.97-2.60 
(1.85) mm. Vulva is 1.52-2.89 (2.49) mm from anterior end, and 3.68-6.10 (4.89) 
mm from posterior end. The anus is 0.66-1.20 (0.96) mm from tip of tail (Fig. 1}. 
Uterus loops posterior to anus; the egg in the loop in the tail measures 88-110 
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Figures 1-5. Aspicu/uris ackerti Kruidenier et Mehra, 1959. 1. Lateral view of female posterior end. 
2. En face view. 3. Ventral view of female showing cervical alae and excretory pore. 4. Egg. 5. Caudal 
view of male showing caudal alae and papillae. 
(101) long. by 38-50 (41) wide; terminal egg nearest vulva is 93-110 (102) long by 
38-55 (45) (Fig. 4). 
FEMALE ALLOTYPE: 5.68-6.31 (6.00) mm long; greatest width at vulva 177-215 
(196). Anterior esophagus length 313-350 (332) by 40-43 (42) wide. Length of 
bUlb 158-170 (164), width of bulb 73-75 (74). The total esophagus length is 
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483:-508 (496~. D!stance from anterior end to ~erve ring i~ 175-180 (178). The 
cutIcular vesIcl~ IS 113 long b~ 105-1~8 (107) wI.de. ~he cutIcular marking of the 
excretory pore IS 230 long. It IS postenor to the JunctIOn of the bulb and intestin 
and is 1.03 mm from anterior end. Anterior end to beginning of cervical alae t 
35-50 (43). The cervical alae continue as lateral alae. Vulva 2.18-2.38 (2.28) m~ 
from anterior end and 3.50-3.95 (3.73) mm from posterior end. Anus is 704-714 
(709) from tip of tail. Uterus loops into tail posterior to anus. Most posterior egg 
in uterine loop 100 long by 40-45 (43) wide. Voucher specimens deposited in 
USNM Helm. ColI. 75506. 
Discussion 
Kruidenier and Mehra (1959) described the caudal alae of the male "with two 
deep notches each" indicating that these "could be interpreted as three bilateral 
pairs of alae." We did not observe this condition on the holotype male or ours 
but did observe one notch, giving the alae the superficial appearance of bein~ 
paired. 
They also described the anal papillae as follows: "Eleven caudal papillae, two 
preanal, two adanal, and two postanal pairs closely associated with the anus, a 
single median, and two postanal pairs." We found ten papillae: one pair preanal, 
one pair adanal, a single median postanal closely associated with the anus, one 
posterior pair followed by a second single median, and one more posterior pair. 
We did not observe the two most posterior pairs on the holotype but did observe 
a single pair as on our specimens. 
Kruidenier and Mehra (1959) described the en face views of the female and 
male as being different. We found no difference in the en face views. Added to 
their description of the en face view is the presence of epaulettes bearing the 
amphids and four large, submedian cephalic papillae. 
Akhtar (1955) subdivided the genus Aspiculuris into five subgenera on the basis 
of presence or absence of a cephalic vesicle, cervical alae terminations, and 
presence or absence of a gap between cervical and lateral alae. 
Erhardova-Kotrla and Daniel (1970), in describing A. arianica, used Akhtar's 
key in part stating, "Akhtar divided the genus into five subgenera on the grounds 
of the shape of the cervical alae and the presence or absence of the cephalic 
cuticular vesicle," omitting reference to the presence or absence of lateral alae. 
They described the cervical alae of A. arianica as being "entirely different from 
those of all species described," being" short, paired, and not sickle-shaped." 
Quentin (1975) considered that Akhtar's division into subgenera had compli-
cated the systematics; he assigned A. caviellae Freitas, Lent, and Almeida, 1937, 
to the genus Heteroxynema Hall, 1916, as it is a caviomorph parasite. A. arianica 
was identified from the sciurid Marmota caudata and according to Vaughn (1978) 
the affinity of the family Sciuridae to other rodents is uncertain. Aside from host, 
A. arianica is otherwise atypical of the genus. Due to lack of measurements and 
immaturity of the described female, we feel this is an inadequately described 
species and place it incertae sedis until additional data are available. 
Quentin (1975) divided the species into two large groups according to the form 
of their cervical alae. In the first group the cervical alae are abruptly truncated 
at the level of the bulb, giving the cephalic extremity the aspect of an arrowhead. 
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In the sec,md group, the cervical alae progressively diminish in width; their edges 
fit together at the wall of the body or extend out of lateral wings when these 
xist. In describing A. witenbergi, Quentin noted that the edge of the cervical ala 
~oes not end abruptly in an acute angle; nor is it extended gradually into a lateral 
wing. Thi~ places his species as an intermediate between the two groups. 
It bec\)!l1es increasingly apparent that identification of species within the genus 
by the lh\? of alae terminations is insufficient. We propose a key to the species 
of Aspicuillris as follows: 
1. Cen ieal alae ending in a definite concave margin ____ _______________ 5 
Cen ical alae ending otherwise ____ 2 
2. Caudal alae of male enclosing tip of tail ______________ ________________ 3 
Caudal alae of male not enclosing tip of tail ______ 4 
3. Tail uf male bearing 11 papillae, eggs 81 x 37 ____ A. asiatica Schulz, 1927 
Tail uf male bearing 16 papillae, eggs 85-89 x 34-38 __ 
___________ ____ A. tschertkovi Tarzhimanova, 1969 
4. Tail elf male bearing 10 papillae, eggs 88-110 x 38-50 
___________ _______________ _ ____ A. ackerti Kruidenier and Mehra, 1959 
Tail (11' male bearing 11 papillae, eggs 87-90 x 42-46 __ 
_____________ _________ ___________ _________ A. africana Quentin, 1966 
Tail uf male bearing 12 papillae, eggs 72 x 40-42 __________ _ 
________________ _ ______ A. witenbergi Quentin, 1975 
5. Termination of cervical alae at level of junction of anterior esophagus 
and esophageal bulb ___________________ A. schulzi Popov and Nasarova, 1930 
Termination of cervical alae near middle of esophageal bulb ____ 6 
Termination of cervical alae near posterior end of bulb or below 7 
6. Tail of male bearing 10 papillae, eggs 75-78 x 33-36__ _ _________ _ 
_ _________ _ __________________ ________ _________________ A. lahorica Akhtar, 1955 
Tail \)f male bearing 10 papillae, eggs 84-90 x 36-39 ______________ _ 
________________ __ ___________ _____________________ _________ A. artigasi Araujo, 1965 
Tail uf male bearing 14 papillae, eggs 81-90 x 42-51___ _ ___________ _ 
____________ A. tetraptera (Nitzch, 1821) Schulz, 1924 
7. Mal c of species unknown _ ______________ __________________ 8 
Male known ___ _________________ ________________ ______________________ 9 
8. Female length 3.1-3.25 mm, eggs 85-90 x 33-38 ___ A. ratti Johnson, 1969 
Female length 4.3-4.62 mm, eggs 95-100 x 43-47 __________ _ 
_________ ______________ A. aserbaidjanica Tarzhimanova, 1969 
9. Leng.th of female less than 6 mm _____________ _____________ II 
Length of female greater than 6 mm __ ________________________ _____ __ ____ 10 
10. Caudal alae of male not enclosing tip of tail __ _____ A. dilllliki Schulz, 1927 
Caudal alae of male enclosing tip of tail _____________________________________ _ 
_ ________________ _______ A. rysavyi Erhardova- Kotrla and Daniel, 1971 
11. Calidal alae of male not enclosing tip of tail __ A. pakistanica Akhtar, 1955 
Caildal alae of male insufficiently described regarding enclosure of tail _ 12 
12. M,tk with 4 pair caudal papillae, eggs 76-83 x 27-35 
___________ ___________ _________ _____ ___ A. a mericana Erickson, 1938 
M,,je with at least 9 papillae, eggs 93 x 43 _________________________________ _ 
A. kazakstallica Nasorova and Sweshnikova, 1930 
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Figures 6-9. Nematodirus neotoma Hall, 1916, female. 6. Vulva and ovijectors. 7. Dorsal view an· 
terior end female. 8. Posterior view anus and tail spike of female. 9. Egg. 
Nematodirus neotoma Hall, 1916 
Nematodirus neotoma was first described by Hall (1916) from four woodrats 
from Colorado: Neotoma desertorum Cary, N. mexicana fallax Merriam, N. 
floridana baileyi Merriam, and N. cinerea rupicola Allen. In the original descrip-
tion many important measurements were omitted, so we feel a description of the 
species, based on our material, is necessary. The following is based on 125 males 
and 99 females from northern Weld County, Colorado and southeastern Laramie 
County, Wyoming, U.S.A. 
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Figures 10-15. Nematodirus neotoma Hall, 1916, male. 10. Ventral view of bursa. 11. Cross section 
of united spicules. 12. Dorsal view distal end of spicules. 13. Proximal free portion and fusion of spicules. 
14. Lateral view distal end of spicules. 15. Lateral view of bursa. 
Body filiform, with longitudinal ridges. Cephalic vesicle (Fig. 7) transversely 
striated. Cervical papillae absent. Buccal cavity with a single dorsal tooth. 
MALE: 10.29-20.24 (14.57) mm long, greatest width 93-192 (134) at midbody. 
Cephalic dilation length 95-140 (118), width 45-73 (54). Head width exclusive of 
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cephalic dilation 25-43 (29). There are 22-48 (34) longitudinal cuticular ridge 
5-12 (8) apart. Esophagus claviform, 391-577 (492) long, 28-68 (43) wide. Excr:~ 
tory pore 411-675 (526) from anterior end. 
Prebursal papillae absent. Bursa (Fig. 10) symmetrical, with two large lateral 
lobes. Dorsal lobe with deep apical notch. Posterolateral and mediolateral rays 
bend posteriorly, anterolateral rays bend anteriorly (Fig. 15). Lateroventral and 
ventroventral rays arise from ventral surface of anterolateral ray and curve an-
teriad. Externodorsal ray arises from base of dorsal ray, which is bifurcated' 
dorsal raylet appears again bifurcated. Ventral bursal surface covered with nu~ 
merous cuticular bosses. Lateral lobes are 220-340 (267) long, 158-352 (220) wide 
490-510 (500) outspread width. Externodorsal ray 100-173 (135) long. Dorsal ra; 
length (to bifurcation) 43-75 (53), lateral raylet 15-28 (19) long, dorsal raylet 10-23 
(15). 
Spicules filiform and united by a membrane for about Ys their length. They are 
yellow-brown in color, covered with transverse striations and are equal or nearly 
equal in length (Fig. 13). The distal tips are finge rl ike , and are enclosed in a 
membraneous bulb (Figs. 12, 14). Spicules are 2.50-4.17 (3.39) mm long. The 
fused portion is 205-577 (461) long. 
FEMALE: 15.26-31.90 (24.23) mm long; width at the vulva 103-274 (200). The 
cephalic dilation is 103-148 (122) long and 53-78 (59) wide. There are 26-68 (50) 
longitudinal ridges, 5-10 (8) apart, extending past vulva. Esophagus claviform, 
440-655 (533) long, 35-73 (50) wide. Excretory pore 440-646 (524) from anterior 
end. Vulva 10.36-22.00 (17.07) mm from anterior end, 3.50-10.93 (7.35) mm from 
posterior end. Ovijectors equal in length; including sphincters they are 0.69-1.58 
(1.12) long (Fig. 6). Anus 58-120 (89) from end of body, excluding tail spike; 
spike 10-28 (19) long (Fig. 8). Eggs are oval, smooth shelled, 133-220 (171) long, 
68-123 (94) wide (Fig. 9). Voucher specimens are deposited in USNM Helm. 
ColI. 75507. 
Discussion 
Tucker (1942) described N. tortuosus as a new species from Neotoma lepida 
and Neotoma Juscipes. As his measurements of his specimens fall within the 
ranges of our specimens and the description of Nematodirus neotoma by Hall. 
(1916), we consider N. tortuosus to be a junior synonym of N. neotoma. 
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